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AUTOMATED DRILL STRING POSITION SURVEY 

Field of the Invention 

This invention relates to an automated drill string position survey and has been 
devised particularly though not solely to survey drill holes formed by 'top hammer" 
5 drills., 

Background of the Invention 

In many differ ent applications for example, in undergr ound hard rock mines, it is 
extr emely valuable to have timely and accurate knowledge of drill hole positions , Drill 
holes, commonly referred to as long holes (i.e . long hole drill and blast) are typically 
1 0 used for' the placing of explosives in mining via open stoping, sub level stoping, block 
caving, vertical crater r etreat methods, and sub level caving, It is useful in any 
underground mining that requires the drilling of long holes to distribute explosives 
through the rock or to run services through rock., There are however, parallel surface 
mining applications using top hammer machines where accurate survey is also 
15 necessary. 

Underground mining by open or- sub level stoping methods r ecovers the or e in 
open stopes, normally backfilled after being mined out , The stopes ar e excavated voids 
in the rock, typically with lar gest dimensions in a vertical direction.. The ore body is 
divided into separate stopes for 1 sub level open stope mining. Such a configuration is 

20 typically shown in Figur e 4 where the under ground stopes 22 ar e foimed using sub level 
drifts 23 strategically located as the base for a long hole drilling rig to drill a long hole 
blast pattern typically shown by r adial lines 24, The or e is typically r emoved through 
tr ough under cuts 25 to dr aw points 26, 

Between the stopes, ore sections are set aside for pillars to support the hanging 

25 wall Pillars are normally shaped as vertical beams across the ore body, Horizontal 

sections of or e ar e also left to support mine workings above the producing stopes, known 
as crown pillars , Ensuring the stability of the surr ounding rock mass influences mining 
efficiency favourably The stability is strongly influenced by the accuracy and precision 
of the long hole drilling undertaken as part of the mining pr ocess. 

30 Sub level drifts for long hole drilling are pr epar ed inside the ore body, in between 

main levels. Drifts are str ategically located as the base for 1 the long hole drilling rig, to 
drill the long hole blast pattern typically shown at 24., Adherence to the drill pattern is a 
most important step for long hole blasting, The drill pattern specifies where blast holes 
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are collat ed, depth and angle of each hole . All parameters ar e set with high precision for 
successful performance of the long hole blast . If the pattern of long holes deviates from 
the desired plan this can result in dilution of the ore body by drilling outside the design 
area, the creation of oversize broken rock caused by lower char ge density between 

5 wandering holes, and Hanging Wall/Foot Wall damage hence stability issues through 
increased charge density . 

Long holes are currently drilled as "up holes", "down holes", "rings" or in a "fan" 
pattern. Through pr actical working height restrictions in underground operations, such 
as in the sub level drifts 23, drilling rigs have short drill rod lengths and corresponding 

10 short feed and boom lengths to ensur e ease of operation, In order to maximise mining 
efficiency, drilling sub levels are spaced as sparingly as possible resulting in a 
r equir ement for chilling holes many times the available rod length. These r ods ate 
typically between 1 .2 metr es and 3 metres long while the long holes may be over 60 
metr es in length 

15 Consequently each drill rig will have multiple rods available and often have an 

automated "car ousel" of r ods that can be inserted into the drill string as the bit is 
advanced, As the number of rods in the hole increases, the number of joints increases 
and the accuracy of the drilling process diminishes. To drill a hole, the first rod and bit 
is "collated" as close as possible to the surveyed position with the correct alignment to 

20 pr oduce the desir ed hole., Once collar ed, the hole alignment is checked and the drilling 
pr ocess begins with a new rod added as the string advances in the hole, 

Upon completion, the hole is flushed with water 1 to remove cuttings and the rod is 
then retracted from the hole. 

The existing technology to accurately survey drill holes requires a survey after 

25 completion of the hole,, This is necessary because long holes ate typically drilled by top 
hammer drills which intr oduce per cussive force down the drill string as part of the 
drilling operation. Although technology to survey drill holes in real time (i e, as part of 
the drilling operation) exists in applications where the drill string is not subject to top 
hammer conditions, it is not hitherto been possible to use survey tools in r eal time with 

30 top hammer' drills due to the destructive natur e of the per cussive force in the drill string. 
Although some top hammer drilling equipment manuf acturer s claim to complete 
real time survey as an onboard function, they rely on a critical assumption that the holes 
once commenced will always be straight In pr actice this is not the case and holes may 
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deviate significantly as their length increases.. Typically, a survey using such equipment 
consists only of providing a hole length and direction assumed fiom parameters that can 
be r ecorded on the drilling rig 

The only pr esently available accur ate suivey method for operator s of top hammer 
5 drills is post drilling suivey which requir es the lowering of a suivey tool into the hole 
after- the hole has been drilled, flushed and the rig moved on to a differ ent hole location. 
This is a time consuming and costly task that may eventually identify hole 
char acteristics but if deviation outside allowable constr aints has occurr ed, then relies on 
significant corrective action being undertaken as a secondary or tertiary process after the 
10 top hammer drill rig has moved from the drilling site, 

No real time suivey technology exists that can withstand the down hole vibration 
and acceleration that is associated with a top hammer drill and ascertain the true path of 
the hole befor e completion and r elay the data ultimately to decision making software 

In addition, many current systems, which rely on changes in the earth's magnetic 
15 field to determine position, cannot be accurately used in magnetic environments. 
Summary of the Invention 

The present invention therefore provides a method of surveying drill holes 
comprising the steps of feeding a survey tool into a borehole on the end of a drill string 
as part of the hole drilling operation, activating the survey tool once drilling is 
20 completed, and taking position readings from the suivey tool as the drill sting is 
withdrawn from the hole , 

Preferably, the suivey tool is maintained in a sleeping mode while drilling is 
undertaken. 

Preferably, the suivey tool is configured to sense the cessation of drilling to 
25 activate the suivey tool once drilling is completed. 

Preferably, the position readings are taken from the suivey tool as the withdrawal 
of the drill string is temporarily halted for the removal of each drill rod from the drill 
string, 

Biief Description of the Drawings 
30 Notwithstanding any other forms that may fall within it's scope, one preferred 

form of the invention will now be described by way of example only with reference to 
the accompanying dr awings in which: 
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Fig 1 is a diagr ammatic cross sectional elevation through a mine showing the 
drilling of a borehole using a top hammer tig; 

Fig., 2 is an enlarged view of section A of Fig. 1 ; 
Fig 3 is an enlarged view of the drilling tool used in Fig, 1 ; and 
5 Fig, 4 is a diagrammatic underground view of an open stope mining configuration. 

Detailed Description of 'Preferred Embodiments of the Invention 

In the preferred form of the invention a top hammer' drill rig 10 is positioned in an 
access/drill drive 9 of the type gener ally shown at 23 in Fig , 4 and described ear lier with 
r eference to the prior art. 
1 0 The top hammer drill rig includes a hydraulic powered drifter' 1 1 mounted on a 

drifter feed rail 12, typically held in place by bracing stingers 7 and 8 which brace the 
top hammer drill into the floor and r oof r espectively of the access/drill drive 9. 

The top hammer drill rig is fed with drilling rods from a carousel (not shown) from 
wher e they ar e fed into a tool handler (not shown) and held by a clamp 13 , 
1 5 The rig is provided with a survey tool, described below, which can feed 

information to a r eceiver 15 mounted on an automated drill string position survey home 
unit 16 on the drill rig. 

The drill string 3 is provided at the cutting end with a drill bit 1 described in more 
detail with reference to Fig, 3 , 
20 Just above the drill bit 1 ther e is located a damping system 18 connected in turn to 

an inertial survey package 21. The purpose of the damping system IS is to isolate the 
electronics module (comprising 19,20,21) from vibrations and acceleration induced in 
the drill tube/tool body 17 , The survey package 21 feeds measured data into a data 
logger 20 power ed by a power source in the form of batteries 19.. 
25 The inertial survey package 21 typically incorpor ates survey tools of a gener al 

type commercially known for use in non -percussive drilling, but carefully selected for 
their resistance to vibration and impact* Such tools can be typically sourced from 
navigational instruments designed for use in war head missiles etc., 

The survey tools may also be selected so as to be substantially unaffected by 
30 magnetic fields thereby allowing use of the invention in magnetic envir onments,, 
When a long hole is drilled using a top hammer drill according to prior* art 
methods, the design (ideal) hole position shown at 5 (Fig, 1) is initially determined by 
tr aditional survey techniques and is marked accordingly, The hole length and direction 
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are calculated to produce the most efficient result, usually output from a mine design 
package or survey software. In practice, the hole position is determined by the operator 
matching the parameters such as collar position and angle that can be determined on the 
drilling rig 10 to the design position provided to him/her, In practice, this may cause the 
5 hole position to be drilled at 6 and logged as 5, introducing error into the longhole 
pr actice even before drilling commences , 

Because of the flexible nature of the multiple rod drill strings, it is common for the 
actual hole path to deviate from 5 or 6 by a significant amount as shown at 3 . The 
automated drill string position survey tool and method according to the invention allows 
10 the plot of the actual hole path 3 to be accur ately determined in real time as part of the 
drilling operation so that the subsequent holes may be realigned or more accur ately 
placed to achieve the desired borehole pattern and control the char ge density and 
placement. 

This invention allows the suivey of a hole during the process of drilling and 

15 retrieving the drill string from the drill hole The batteries, data logging, electronics and 
inertial sensors are housed in a sealed unit 19, 20, 21, that is largely isolated (damped) 
from the vibr ation and acceler ation caused by the percussive top hammer drive The 
tool will typically "sleep" while the hole is advanced and then wake up and r ecord data 
as each drill rod is retracted. When the rods are stationery and the carousel in operation, 

20 the tool will be awar e that it has tr avelled the length of the rod. in this fashion, the time 
the sensors measur e is limited and therefor e the drift (hence error) reduced. Importantly, 
the top hammer will not be in oper ation during the r etr action of the drill string, 
minimizing the chance of damage to the inertial sensors while they ar e in oper ation. 

As the retraction of the r ods is completed, the data recorded is transmitted to a drill 

25 rig mounted receiver and the actual path of the hole 3 displayed against the design path 
5 After' each hole some calibration will be completed to compensate for drift/error prior 
to starting the next hole. The data can be downloaded and transformed by a laptop 
computer and cable connection although it is possible to ultimately mesh the drilling 
data seamlessly into the mine suivey data. 

30 In developments of the invention, the data will be stor ed, transformed and 

transmitted in a wireless fashion to allow mine engineers to determine if a certain hole is 
outside design par ameter s , This can be folly automated and tied in with the design 
software, to make changes automatically for the next hole , 
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The data may also be used to determine if a hole deviates into waste or into the 
area of influence of other holes when it would not be loaded folly with explosive or 
maybe initiated earlier or later in the sequence 

In this manner, it is possible to provide a survey tool for use with a top hammer 
5 drilling rig that enables accurate r eal time survey of the hole being drilled to allow 
subsequent holes to be adjusted to compensate for wandering of the earlier hole from 
design parameters This significantly reduces the time for survey required in an 
under ground mining oper ation and r esults in safer and mor e efficient mining pr actices., 

Although the invention has been described with r eference to specific examples it 
10 will be appr eciated by those skilled in the art that the invention may be embodied in 
many other forms., 



